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ABSTRACT 
Nine parabolic trough power plants located in the 

California Mojave Desert represent the only commercial 
development of large-scale solar power plants to date. 
Although all nine plants continue to operate today,no new 
solar power plants have been completed since 1990. Qver the 
last several years, the parabolic trough industry has focused 
much of its efforts on international market opportunities. 
Although the power market in developing countries appears to 
offer a number of opportunities for parabolic trough 
technologies due to high growth and the availability of special 
financial incentives for renewables, these markets are also 
plagued with many difficulties for developers. In recent years, 
there has been some renewed interest in the U.S. domestic 
power market as a result of an emerging green market and 
green pricing incentives. Unfortunately, many of these market 
oppmhmities and incentives focus on smaller, more modular 
technologies (such as photovoltaics or wind power), and as a 
result they tend to exclude or are of minimum long-term benefit 
to large-scale concentrating solar power technologies. This 
paper looks at what is necessary for large-scale parabolic 
trough solar power plants to compete with state-of-the-art fossil 
power technology in a competitive U.S. power market. 

INTRODUCTION 
Between 1984 and 1990, Luz International Limited 

developed, built, and sold nine parabolic trough solar power 
plants in the California Mojave Desert. These plants, called 
Solar Electric Generating Stations and referred to as SEGS I- 
IX, range in size from 14 MWe to 80 MWe and make up a total 
of 354 MWe of installed generating capacity. Each of these 
plants was developed as an independent power producer (IPP) 
project, financed with non-recourse debt, and sold to investor 
groups. In total, over $1.2 billion was raised to finance these 
projects. The projects were initially driven by the availability 
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of state and federal investment tax credits Later, special power 
purchase contracts available in California played a key role. 
The SEGS projects are qual@ing facilities (QFs) as defhred by 
the 1978 Federal Public Utility Regulatory Policies Act 
(PURPA) legislation, which enabled the creation of small non- 
utility renewable and co-generation power planta. PURPA 
required local utilities to purchase power from QFs. In 1991, 
Luz declared bankruptcy while in the process of building its 
tenth plant as a result of delays in the extension of the 
California solar property tax exemption and the inability to 
obtain construction financing. Although many factors 
contributed to the eventual failure of Luz, the primary cause 
was decreasing energy prices coinciding with the phasing out 
of state and federal investment tax credits (Lotker, 1991). 
However, Luz achieved significant reductions in the cost of 
power from parabolic trough solar power plants, reducing the 
cost from a reported 24#/kWh at SEGS I to about 8+Wh at 
SEGS IX. 

It is important to note that all of the nine SEGS plants 
completed continue to operate today. SEGS I is currently in its 
14th year of operation. In total, the plants have accumuhrted 98 
plant-years of operation. From au operational perspective, the 
SEGS plants have been very successful. The phmts have 
demonstrated the industrial nature of the Luz parabolic trough 
collector technology and the ability to dispatch and achieve 
high on-peak availability for Southern California Edison 
(SCE), the local power utility. During the ten-year period from 
1988 to 1997, the five 30-MWe SEGS plants located at Kramer 
Junction in California averaged 105% of rated capacity during 
the four-month summer on-peak period between 12 noon and 6 
p.m. on weekdays (Cable, 1998). During this period, not one 
of the plants averaged below 100% of its 30-MWe rated 
capacity for even one month during the summer on-peak 
period. The SEGS plants are hybrid fossil/solar plants, so when 
insufYicient sunlight is available, the turbine can be operated up 
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to full load with fossil (natural gas) energy. On an annual basis 
75% or more of the energy to the plant comes from solar 
energy, with natural gas providing the balance. This hybrid 
capability allows the SEGS plants to achieve the high 
demonstrated on-peak capacity factor even though only about 
5%-20% of the on-peak energy during any given month comes 
from natural gas. The fossil backup capability allows the 
SEGS plants to be fully dispatchable. 

From a power generation standpoint, most of the SEGS 
plants are performing within about 10% of original projections. 
The exceptions to this are (1) the first two projects, for which 
initial performance expectations were overly optimistic and (2) 
other plants that have not been maintained due to lack of 
available spare solar field parts. Based on the lessons learned 
from the SEGS planta, many of the solar field component 
problems experienced at the existing plants could be resolved 
in a next plant. In addition, better forecasts of expected future 
plant performauce are possible. From an investor’s standpoint, 
none of the SEGS plants have performed up to their original 
financial projections. This is primarily due to a drop in 
avoided-cost energy prices, the price paid for the power 
generated by the planta. 

The SEGS plants represent the only successful commercial 
deployment of large-scale concentrating solar power 
technology to date. The development occurred during a period 
when energy prices were high and future expectations were for 
energy prices to continue to increase, special solar tax 
incentives existed, and utilities were forced to purchase power 
from solar QFs at very attractive rates. Since that time, fossil 
energy prices have reduced significantly, advances in combined 
cycle power plant technology have increased efficiency and 
reduced the cost of conventional power technologies, and a 
major restructuring of the electric power industry has begun 
resulting in much uncertainty. 

Given all these changes, many believe that it is not 
possible to develop large-scale solar power technologies in this 
country. As a result, over the last several years, the parabolic 
trough industry has focused much of its efforts on international 
market opportunities. Although the power market in 
developing countries appears to offer a number of opportunities 
for parabolic trough technologies due to high growth and the 
availability of special financial incentives for renewables, these 
markets are also plagued with many difficulties for developers. 
In recent years there has been some renewed interest in the U.S. 
domestic power market as a result of an emerging green market 
and green pricing incentives. Unfortunately, many of these 
market opportunities and incentives focus on smaller, more 
modular technologies (such as photovoltaics or wind power), 
and as a result they tend to exclude or are of minimum long- 
term benefit to large-scale concentrating solar power 
technologies. 

This paper looks at what is necessary for large-scale 
parabolic trough solar power plants to compete with state-of- 
the-art fossil power technology in a competitive U.S. power 
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market. The paper starts by looking at the changes currently in 
progress in the power industry, and then looks at the cost of 
power from state-of-the-art fossil power technologies. Next, 
we review the cost of power from existing trough plants. 
Finally, we look at the opportunities for making trough plants 
competitive in today’s power market. 

U.S. POWER MARKET TRENDS 
The contemporary U.S. power market is defined by two 

major trends. The first is the declining cost of electricity (EIA, 
1997). This is driven by advances in power technology and by 
declining capital and operation and maintenance (O&M) costs. 
Major efficiency improvements and cost reductions have 
occurred in gas turbine and combined cycle power plant 
technologies. As a result there is a significant shift away from 
coal steam plants toward natural gas-fned gas turbine 
technologies for new power generation. The current fossil fuel 
forecasts show only modest price increases (l%/year real) for 
natural gas and declining coal prices over the next 20 years. 

The second major trend has been the restructuring of the 
electric power industry. Although power sector reform is in 
progress all over the world, the U.S. power sector reform has 
primarily been the result of two factors - price di&rences and 
technology advances (EIA, 1996). The first, price differences, 
refers to both the variations in electricity cost among states and 
the difference between the cost for utilities and non-utilities to 
generate power. States with the highest costs tend to be leading 
the charge on restructuring, and industrial customers tend to be 
the driving force behind the effort Their need to reduce power 
costs to remain competitive is driving them to look for the 
lowest-cost power alternatives. As a result of the Energy 
Policy Act of 1992 @PACT’), industrial customers are now able 
to obtain (or “wheel”) power from wholesale electric 
generators, generate their own power using new highly efficient 
gas turbine and combined cycle technologies, or at the very 
least renegotiate power contracts with their local utilities. 
Utilities that have thrived in a regulated monopoly envmmment 
are often finding it difficult to compete with unregulated non- 
utility generators (NUGs). All of these factors are resulting in a 
breakup of the conventional power utility into three sepamte 
components: generation, distribution, and tmmmisaion. Since 
many utilities cannot compete with NUGs to generate low-cost 
power, some are even getting out of the electric generation 
business. This brings up the major issue facing the restructuring 
of the electric power industry-stranded assets. “Stranded 
assets” refers to the money invested by utilities in power plants 
in the previously regulated environment. Because utilities were 
required to invest in these plants, the Federal Energy 
Regulatory Commission (FERC) feels they should be allowed 
to recover a reasonable amount of this money. The primary 
issue is how much is reasonable. Stranded assets have been 
estimated to be as high as $500 billion or as low as $30 billion 
for the entire United States. 
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Table l_ Asanmntinns fnr Cnnventinnnl Tawhnnlnuina 
v-m. v--v-..- 
future parabolic trough technology to compete with. This plant 
generates power for approximately 5.5@Wh at a 30% ammal 
capacity factor. 

It is important to note that SEGS plants are fully 
dispatchable power plants. In areas such as the U.S. Southwest, 
where there is a high correlation between the power produced 
from solar energy and the peak system load, the planta quality 
for both energy and capacity payments. The power produced 
from other renewable technologies that do not exhibit the same 
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high correlation between generation and system load or are not 
fully dispatchable would be valued at less than 55#/kWh 
(Table 2). Wind power, for example, would be valued at only 
lA#ikWh - 2.3#lkWh depending on whether it offset coal or 
combined cycle energy production. Baaed on this analysis, 
power from a trough plant should have a value of 3#/kWh - 
49!/kWh greater than power from a wind plant. 
Table 2. Value of Power from Renewable Technologies 
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technologies, were a big reason for the success of the SEGS 
projects. State and federal investment tax credits, initially as 
high as 55% for the first SEGS projects, are currently down to 
10%. In other technologies such as wind power, investment tax 
credits resulted in a significant number of tax-driven projects 
that either operated poorly or never operated at all. As a result, 
investment tax credits were replaced with electricity 
production-based tax credits. Given the current levels of ITCs 
and production tax credits (PTCs), solar technologies would be 
better served by switching to the same PTCs that wind 
technologies currently receive. 

Utility Green Pricing Programs: Green pricing programs 
are optional programs offered by utilities to allow customers to 
increase their utility’s reliance on renewable power (Swezey 
and Houston, 1998). Customers pay a premium on their 
electric bill to cover the incremental cost of the additional 
renewable energy. There are a number of green pricing 
approaches being used by various utilities across the country. 
The most prevalent is an energy-based approach in which 
customers can choose to purchase a block or a fixed percentage 
of their electric energy requirements from renewables. Typical 
price premiums vary from 1 .S@kWh to 6$/kWh. 

Green Mark& A number of states have implemented 
retail competition as part of their utility restructuring. As a 
result, retail customers can now select their electric power 
provider in much the same way that we select a long-distance 
telephone service. Because of the stranded assets issue 
discussed above (the need to pay off the investment in existing 
power plants), there tends to be only minor price differences 
among various power providers. Thus the ability to purchase 
renewable energy has become one of the most attractive 
products in the competitive market (Wiser and Pickle, 1998). In 
Caiiforni~ customers pay green power premiums from 
0.7$/kWh to more than 3#/kWh depending on the renewable 
content, the type of renewable, and whether any new renewable 
generation will be built A premium of about 3#/kWh is 
charged for 100% wind power with 10% new generation. 

Renewable Portfolio Standards: A number of states have 
begun implementing renewable or solar portfolio standards as 
part of the restructuring of their power utilities. Portfolio 
standards typically require a specific percentage of renewable 
power to be supplied. Arizona has tentatively put in place a 
solar portfolio requirement of 0.5% of power sold by 1999 and 
increasing to 1% by 2002, with a 3O#/kWh penalty to be 
assessed for any shortfall. 

Carbon Tax: One alternative considered to reduce CO2 
emissions to the atmosphere is to place a carbon tax on fossil 
fuels. In a recent study performed by the U.S. Department of 
Energy’s Energy Information Administration (EIA, 1998), a 
carbon tax of $348 per metric ton (1996 dollars) was necessary 
to achieve the U.S. carbon emission target of a 7% reduction 
below 1990 levels. As a point of reference, a $100 per metric 
ton carbon tax would increase the cost of power from a natural 
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gas-fired combined-cycle system by approximately l@Wh 
and by 2.5$/kWh from coal power plants. 

TROUGH CASE STUDY 
What would it take for a parabolic trough power plant to 

compete in today’s competitive power market7 The following 
study was completed to gain a better understanding of potential 
opportunities for trough technology. A good market and 
location was identified, then an optimum plant/project 
configuration was selected to minimize cost. Next, an 
approach to achieve tax equity between solar and fossil plants 
was identified. Finally a number of options were identified to 
help offset the capital cost penalty of the “solar fuel.” Using 
this approach, it is possible for solar to achieve economic parity 
with state-of-the-art fossil power technologies. 

Market Opportunities for Trouah Power 
Given the strong correlation between power output and 

direct normal solar resource, concentrating solar power 
technologies are best suited for the southwestern United States. 
This region has the best direct normal solar resource in the 
United States. Any of the states in this region - and many 
areas in Mexico - represent potential market opportunities for 
CSP technologies. 

For purposes of this analysis, California was selected as the 
assumed plant location. California represents a sizable market; 
it consumes 50% more power than Arizona, Colorado, Nevada, 
New Mexico, and Utah combined; and the average cost of 
power is 50% higher. California currently imports 20%-25% of 
its annual energy from outside the state. As a result of the 
restructuring of its electric power industry, California is 
experiencing a boom in merchant plant developments. 
Currently 2760 MWe of new merchant plant capacity is 
applying for permit, and applications for an additional 4000 
MWe of new capacity are expected soon. The location of the 
existing SEGS plants in the California Mojave Desert is one of 
the best known solar resource regions in the world. In addition, 
an extensive grid of high-voltage transmission lines already 
pass through this region. The existence of the competitive 
power market provides an opportunity for solar power to be 
competitively marketed through the California power 
exchange. There is an excellent match between peak system 
loads and the solar power supplied from a trough plant. The 
power exchange has already demonstrated that the competitive 
market places a higher value on power generated when a solar 
plant operates. Since California is home to all the existing 
SEGS projects and has historically supported development of 
renewable technologies, it represents one of the best 
opportunities for new trough solar power plants. 

Optimum Trough Plant Confiauration 
To minimize technology risk, SEGS type plants and Luz 

trough technology will be assumed. The plants are assumed to 
operate with solar energy whenever possible. Fossil backup 
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CONCLUSIONS 
A significant restructuring of the US. electric power 

industry is currently in progress. This has significant 
implications for the development of renewable power 
technologies, but also provides new opportunities as the 
industry moves towards IPP merchant plants as the primary 
source of new generation. 

Since trough plant electric output has been shown to be a 
good intermediate load match with system load, the value of 
the power produced can be calculated by comparing what it 
would cost to provide the same service with conventional fossil 
technologies. Based on this approach, the value of trough 
power is 5.5#/kWh based on advanced combined-cycle 
technology. This was found to be significantly higher than the 
value of power from any other renewable technology. 

The requirement of a solar plant to provide its 30-year fuel 
supply in the form of an up-front capital investment is the 
primary factor in making it difficult for solar technology to 
compete with conventional fossil fuel-based technologies. The 
up-front capital investment is penalized by the additional 
taxation burden it imposes, but more significantly by the high 
cost-of-capital itself. For example, if a conventional fossil 
power plant were required to purchase all its fuel up-front and 
the fuel were treated as a capital investment from a tax and 
financing standpoint, the cost of power would more than 
double. If this up-front capital investment penalty could be 
eliminated, trough power could compete directly with the most 
advanced and efficient fossil fuel technologies. 

This paper developed one approach that could lead to 
competitive solar power in a restructured power market. The 
approach assumed no technology miracles, but instead relied on 
demonstrated trough technology currently available. The key 
ingredients are enabling the structured development of plants, 
achieving tax equity for the “solar fuel,” and finding a 
mechanism to help offset the remaining solar fuel cost-of- 
capital penalty. The structured development of plants is 
achieved through the development of five large 200~MWe 
plants in a single solar power park project. Solar fuel tax 
equity is achieved by splitting out the capital cost of the solar 
field and treating it as a fuel from a taxation standpoint. The 
remainder of the plant is taxed like a conventional power plant. 
A number of potential opportunities were presented to help 
offset the solar field cost-of-capital penalty, including a 
$2OO/metric ton carbon tax, a Z#/kWh green power adder, 
access to low-cost debt for solar field equipment, and 
investment or production tax credits. 

Given that appropriate equalizers can be put in place, 
parabolic trough technology is positioned for significant project 
development opportunities. 
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